[Purpose] The purpose of this study was to investigate the effect of jaw opening exercise (JOE) on aspiration in patients with dysphagia after stroke. [Subjects and Methods] Three subjects were recruited. Isometric and isotonic JOE were performed using a rubber ball, 5 days a week for 4 weeks. Aspiration was evaluated using the penetration-a spiration scale (PAS) based on a videofluoroscopic swallowing study.
INTRODUCTION
Jaw opening exercise (JOE) has recently been reported to be used as a remedial treatment for patients with dysphagia. JOE is a simple mouth opening exercise, but if resistance is applied in the direction opposite to that of mouth opening, the exercise activates the suprahyoid muscles (digastric, geniohyoid and mylohyoid muscles) 1) . Activation of the suprahyoid muscles is clinically important because of the potential for improving swallowing function in patients with dysphagia. Contraction of the suprahyoid muscles pulls the larynx upwards during swallowing to protect the airway and open the upper esophageal sphincter 2) . There is little evidence that JOE has been used in patients with dysphagia after stroke. The purpose of this study was to investigate the effect of JOE on swallowing function in patients with dysphagia after stroke.
SUBJECTS AND METHODS
We recruited 3 subjects with dysphagia after stroke. These subjects met the following inclusion criteria: diagnosis with dysphagia after stroke confirmed by a videofluoroscopic swallowing study, onset <12 months prior, no significant cognitive problems (Mini-Mental Status Examination score >20), able to perform mouth opening without any physical assistance. Subjects were excluded if they presented with trigeminal neuropathy, significant malocclusion and facial asymmetry, severe communication difficulties associated with dementia or aphasia, neck pain or neck surgery, or presence of a tracheostomy tube. Ethical approval was obtained from the Inje University Institutional Review Board before conducting the experiment (INJE 2017-01-009-003).
All subjects performed JOE using a rubber ball (circumference: 38 cm) while seated in a chair. Subjects performed both isometric and isotonic variations of the JOE. In the isometric JOE, the subjects were asked to attempt to open their mouth against an external force for 60 seconds. They repeated the hold three times. In the isotonic JOE, the subject performed 30 consecutive repetitions of mouth opening against the resistance of a rubber ball. The JOE were performed 5 days a week for 4 weeks. All subjects received conventional dysphagia treatment (CDT) in addition to the JOE. CDT includes oral facial muscle massage, palatal bowing stimulation, laryngeal movement, and tongue exercises. CDT was performed for 30 minutes, 5 times per week for 4 weeks. The penetration-aspiration scale (PAS) based on a videofluoroscopic swallowing study was used to evaluate the outcome of JOE. The PAS is an 8-point scale where a higher score indicates a greater degree of aspiration 3) .
RESULTS
After 4 weeks, Subject 1's PAS score decreased from 7 to 5 points with liquid type. Subject 2's score decreased from 6 to 4 points with liquid type. Subject 3ʼs score decreased from 7 to 6 points with liquid type.
DISCUSSION
This study investigated the effect of JOE on aspiration in subjects with dysphagia after stroke. Three subjects were treated for 4 weeks. All subjects demonstrated a decrease in aspiration. JOE is known to activate the suprahyoid muscles 1) . These muscles pull the larynx forward and upward. This movement causes the epiglottis to close, which has a direct effect on airway protection 2, 4) . The upward movement of the larynx also affects the opening of the esophagus 5) . If there is difficulty opening the upper esophageal sphincter, there is a greater risk of aspiration. Therefore, training of the suprahyoid muscles is important for the reduction of aspiration. This study confirms that JOE can be effective in reducing aspiration in dysphagia patients after stroke. This study has some limitations. First, the number of subjects was too small. Second, because we evaluated only aspiration, we did not study the other factors determining swallowing. Finally, the long-term effect of JOE could not be determined as the patients were not followed up.
